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EDITORIAL
Renal regeneration: Reiterating a developmental paradigm
Recovery from acute renal failure requires the re- Imbrund et al find that the immature regenerating
placement of injured cells with new cells that reline and cells of the folic-acid-injured kidney express the Pax-2
restore tubule epithelial integrity. The new cells, which gene. The Pax-2 protein is a transcription factor for the
are seen to grow from the edges of the injured tubule, paired box family that is normally expressed in the meso-
are actively engaged in DNA synthesis. The growth of nephric duct, the ureteric bud and the metanephric mes-
these cells is carefully monitored so that the original enchyme. Pax-2 expression is limited to the collecting
architecture of the kidney tubule is maintained and a duct only in adult kidney. Homozygote mutants, which
single cell layer of the epithelium is restored. The cells do not express Pax-2 at all, are born without kidneys,
relining the damaged tubule stop dividing and begin to ureters, or genital tracts. Importantly, haploinsufficient
acquire the appearance of the original tubule epithelium. mutants, which express reduced amounts of Pax-2, are
While the morphologic characteristics of the process born with hypoplastic kidneys, including thinner cortical
have been described [1], the molecular events that regu- regions [11]. Thus, not only is it crucial to the develop-
late this process are only now emerging. ment of normal kidneys, it would appear that a sufficient
The regeneration, molding and maturation of the re- dose of Pax-2 is necessary to acquire adequate numbers
stored epithelium after renal injury have many parallels of renal cells. The re-expression of Pax-2 in the regener-
to the growth and maturation that takes place during ating tubule epithelial cells would seem to confirm the
kidney organogenesis. The high rates of DNA synthesis notion that otherwise quiesent renal cells can regain the
[2] and apoptosis [3] seen during renal regeneration are ability to enter and complete the cell cycle in a manner
like those in the developing kidney [4]. Newly acquired not unlike that seen in normal kidney development.
cells that reline the injured tubule appear immature and Whether these cells are derived by regression of mature
express the mesenchymal cell marker vimentin not nor- surviving epithelial cells or by the activation of a resident,
mally expressed by mature epithelial cells [5]. Vimentin but quiescent, renal stem cell has not been addressed by
is expressed by cells derived from mesenchymal tissue these studies.
and re-expression of this marker reiterates the mesen- The implications of these findings cannot be overesti-
chymal-to-epithelial progression of the S-shaped body mated. Mortality in acute renal failure is still high and
[6]. Functionally, both the immature [7] and injured kid- the occurrence of renal failure is a significant added risk
ney [8, 9] are vasoconstricted and unable to excrete urine factor for death in multiorgan failure [12]. Thus it is
of maximal osmolality. At the molecular level, this paral- reasonable to suggest that any means that would acceler-
lel between the developing kidney and the injured kidney ate repair of the injured kidney in acute renal failure
extends to the absence of genes that mark the fully might improve outcome. New insights into this process
mature phenotype. Thus, preproEpidermal Growth Fac- are urgently needed and these studies offer the hope
tor, and Tamm-Horsfall protein, which are normally ex- that within the details of the molecular mechanisms that
pressed at high levels only by the fully developed kidney, underlie the development of the normal kidney may lie
are repressed during renal injury [8]. In at least the case the clues to how to repair the injured kidney. Transcrip-
of preproEGF, the inability of the injured kidney to tion factors, surface receptors, soluble factors, and struc-
express the gene is regulated at the transcriptional level tural proteins have each been shown to be critical to
[9], the level at which it is controlled during development. normal kidney development and may be potentially in-
While these observations all suggest that the injured volved in kidney regeneration. It is reasonable to expect
kidney regresses to an earlier state of development, the that such a detailed understanding of how the kidney
work of Imgrund et al reported in this issue of Kidney develops will bring new insights to the problem of how
International [10] provides a more adequate molecular to replace cells lost to glomerular, vascular, obstructive
proof of this hypothesis. or metabolic injury. The work of Imgrund et al has taken
a very important step in that direction.
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